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| ARamakrlshDa
Abstract
Thigfreport is a study on various asﬁeots of multi-channel

video .signal transmission using optical fibers, Periormance

requirements for “GMRT Intermediate Frequency (IF) links are

V,Similar{.in,_nﬁturé. Various modulation/démodulation" formats for

analog wvideo signal transmission are considered. Transmission

- impairments are also studied. Develdpménts in - CATV - (Cable
-Television) and satellite earth stations are reported. CATV has

stimulated most of the research and development efforts -on:-fiber

optic analog video signal transmission.
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FIBRE OPTIC VIDEO SIGNAL. TRANSMISSION

A.Ramakrishna

INTRODUCTION

Video transmission using optical techniques is attractive

due to excellent characteristics of optical fibers like wide
bandwidth, low tiransmission loses, 1light weight cables, and

immunity to electromagnetic interference.

Fibre optic transmission is applicable for video
transmission in Intermediate Frequency (IF) links, LO reference
distribution, Cable Television (CATV) trunks, CATV distribution
systems and broadband subscriber loops (viz. B-ISDN).

Fiber optic video transmission in analog format is
advantageous because of cost effectiveness. Digital terminal
equipment is very expensive due to the high cost of good video
CODECs. Bandwidth utilisation of digital video transmission is
poor. Digital video iransmission will become feasiable only after
consolidation of image compression standards and avaliability of

inexpensive video CODECs.

Various modulation/demodulation formats for analog video
signal transmission through optical fibers have been studied.
These include: '

1, Direct Intensity Modulation (DIM)
2. Amplitude Modulation (AM) of RF subcarriers

3. Frequency Modulation (FM) of RF subcarriers

4, Phase Modulation (PM) of RF subparriers.
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Pulse Modulation schemes such as:

Pulse Amplitude Modulation (PAM)
Pulse Frequency Hodulatioh {PFM)
Pulse Width Hodulation o {(PWM)
Pulse Position Modulation © (PPM)

o o T .m

While evaluating the suitability of modulation schemes, we
have 1o consider the special characteristics of fiber optic

components (sources, detectors, cables) and their impairments.

During the course of investigation it will be shown that
frequency modulation of an RF subcarrier (referréd to as  FM-SCH)
is currently the most practical alﬁernative for multichanhel video
signal transmission. Fiber optic transmission  impairments like
noise and nonlinearity will be studied. Emphasis - is. on
implemented schemes and reported results from current published

work .

APPLICATION AREAS:

CATY appears to be the single largest application area for
video transmission. Most of the analog video R & D is targeted
for CATV applications. About 87% of US homes subscribe to CATY.

CATY 1s making inrcads in Indian metropolitan areas ' also.

Currently, CATY networks mostly use coaxial cable.

Fiber optic videc transmission systems are of particular
relevance to satellite earth stations. Satellite earth stations
are generally located away from urban areas, to take advantage of

low interference levels and weather conditions!ilFiber optiq_links,

can be used to carry signals to and from  the -remotéfiéérfh-

stations. There are some reportediinstallatibns.
L
Wide bandwidth and excélleﬁt temperature stability (when
buried below the surface) make fibér optic links attractive for
phased array applications. Reported.installations exist in large
radar systems, satellite tracking stations and radio telescopes.
Fiber optic 1links are the natural choice in RFI/EMI critical

applications.
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3. Nonlinear:

Fiber optic sourc¢ff ;} i . Current optical

ordar of magnitude

It is interesti &E
;ET
systems are also powsr l:ml ed and rnonlinear. Satellite terminal

to notﬁ that satellite transm1551on

aguipment is expensive. NC rrnnt]y, terminal eguipment for high

parformance fiber optic ‘ kﬁ i3 alsc expensive. Consequently,
both satellite and fiberwééiic channels are shared amongst many
Users. Analog schemes uae FDM techniques for sharlnq the fiber
optic 1link. This is referred to as Subcarrier Hodulation(SCH).
One  of the reasons for ﬁDH-o popularity is the availability of

good inexpensive microané_devices for FDM.
q -
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TRANSMISSION IMPAIRMENTS: *

Analogy tran3m1551on systems using semiconductor laser
diodes (LD) enable larq&L repeaterless spans than do quht
Emitting Diodes (LED) bec ¢

with optical fibers. LD iso have higher modulation bandwidths
than LEDs. However, iﬁ,-?i}OQ transmission systems wusing LIDs,
signal quality at thei ?iA?ﬁl receiver deteriorates due: to:
(1) Modal noise*‘LF speckle noise,

{2) Laser ledeE h01se

{(3) Nonllnmarlty

t

When multimode flbers are used modal noise is severe. LD

noizse and nonlinearity ak further increased by reflected laser
light. '

Ak ‘ E
NOISE .SQURCES IN SCM SYSTEMS:

Four types of noise lmpalr the detected signal in SCM
systems. Shot noise ig! generated whenever current flows in a
diode, with a power spectral den51ty proportional to the detected
photocurrent. Laser excesé noise, normally described as Relative

Intensity Noise (RIN) re'ars to noise generated in addition to

shot noise, generated dug h;e laser, Noise from the preamplifier




Some data communication links utilise CATY equipment and
cables for cost effective implementation of WAN/LAN. These

networks can be implemented on fiber without major modification.-

PERFORMANCE REQUIREMENTS FOR VIDEQ SIGNAL TRANSMISSION:

Video Signal Bandwidth : 4.5 Mhz
No. of channels = > 50

Signal-to-Noise Ratio SNR({weidghed)
at video baseband _ : 56 dB

Composite Triple Beat (CTB) : - 65 dB
Composite Secc;nd Order (CSO). s - 65 dB
Cross talk ¢ —654d6
Power Budget . 10 dB

CTB and CSO are a measure of Intermodulation distortion and will
be explained later on. (Current 550 Mhz. coax television systems
are capable of delivering over 80 AM-YSB video channels with SNRs
exceading 47 dB).

IMPORTANT_CHARACTERISTICS OF FIBER OPTIC TRANSHISSION

1. Large Transmission Bandwidth: _
Transmission bandwidth wupto 10 Ghz. and beyond are not

UNCommor.

2. Power limited:
Fiber optic links are powef limited. Sources are available
upto about 5 mw. Coupling power into fiber is difficult.

Conseguently, the power budget available is limited.

i
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can be a significant 1mpaﬁrm%nt at high frequencies. Noise may
sgxi

also be generated by the %y #em This includes Medal noise and
Laser Mode Partition N01seiﬂ HPN) resulting from a combination of
laser mode flurtuat1onﬂeﬁwmrjber dispersion. Thermal or front
end nolse and shot noise aggl;

further.

aFll kKnown and will not be discussed

Relative Intensity Noise (ﬂiH)E

N e
L NP2
RIN is defined as RIN & 2Zwhere < P > is the
L epr (HEY
il
T
average light intensity ahd ‘¢:;5p1;> _ is the mean-square

intensity fluctuation spectrai density of the light output. Laser
diodes have 1ntr1n51c fluctuatlons in light output due to the
' statistical nature of the. carrier recombination process. RIN
decraeases és the injection current increases.
N Iy - 8 fax Casnsnd
RN dlcimfl)_ T - WNQ&A@My%

‘RIN  includes not only 1nfr f;ic noise but also the reflection

f’gN sets an upper limit on the fiber
optic link performance. by '

CrR CRuv Lowdsa

and m is the Optical Hodql?
OMI is defined as e

where P .4 and P, aﬁeiyéspectively the maximum and average

optical optical powers. D1str1buted Feedback (DFB) lasers have
comparatively lower RIN, External cavity lasers have the smallest
CRIN. e |

A
Laser diodes are very sensitive to optical power reflected

back into the cavity. Optical feedback gives rise to reflection

peaks in the noise spectrum.‘ Theée peaks are separated by
where n is the refractive index of fiber and L is the distance of
the reflection surface fromlfhe laser - This degrades RIN of the

laser. Carrier-to-noise (GhRﬁ degradatlon due to reflections can




be as much as 20 dB fB lasers are very sensitive to

reflections. DFB lasers h” wlthout cptical isolators perform no

~hetter than . Fabry-perot ’

P) lasers. When a Laser Diode is
'rpflpctpd speckle pattern can induce

ew dB.

coupled to a multimede flb%
intensity fluctuations of &t
)

»* ‘.;_ ":-T-ﬂ:z:x - A .. 2

Modal Nolse

Modal Neise depénds on the system configuration, the
optical components and tﬁe laser mode characteristics. Laser
spectrum  may change due tg.reflections from connecters, external
stress and change in temperature. Studies of modal noise levels
have shown that it is impossible to achieve high quality video
transmission with long lengfhs-of multimode fiber. Modal noise is
about - 155 dB/Hz for a 4 km; length of HH_ fiber. Superimposed
pulse modulation can be Used to bring this down to about - 125

dB/Hz. Superimposed pulse modulation spreads the laser spectrum.

Modal noise 1is absent when single mode flber is used.
However, when multimode lasérs are used with SM fibers, laser mode
hopping can lead to 1ntenq:ty Tluctuations in the optical power

coupled to the fiber. This ;' eais as a kink in the current versus

optical output curve of th{ er diode. Thermal effects can lead

T

to mode hopping.

I
1
Source Linearity and Inteq,hodulatlon Distortion
HW

Light output Trom a laser is not a perfect linear functlon‘
of the input current. Thls is duer to the imperfections in device
processing and dynamic éffects. When a number of signals of
different frequencies paSS“{thuqh a non linear device, 'energy is_'
transferred to frequenC1e$ that are sums and dlfferences of the__
original  frequencies. Tpe resultlng dlstortlon o is "cailed -
Intermodulation distortion' (IHDJ. IMD can limit fiber optic

S
system performance. '

Linearity is usualiy charaéterised by the second and third
order intermodulation products‘ These  fall within the
transmission bandwidth and are the dom1nant products.

i
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Second order products are of the type A %+

E
i

Third order producté are gﬂ the type At B+ C .A,é,c = 5:, tuis""}m
i}
In video systems, the terﬁ' GSO (Composite Second Order). and CTB

|+

i 31 { - carinng

il
(Composite Triple Beat) ara !u ed as measures for second and thlrd

order IMD products respectlvely

C30 is the. ratio, of the éum‘of second order IMD products to the
carrier CTB is the ratlo ‘of the sum of third order products to

the carrier.
It has been found that forflakge number of channels (n » 10)

C80 K ml(OHI per channel)
G S
CTB in
L ™M - OmM|
CSO is temperature dependi nt. CTB is frequency dependant.

The optimum operatlng condition for any SCH system

fis a balance between, distortion and

SR
noise.  Increasing m provi ,

constrained by nonllnﬂarltg-

greater signal power but increases
the distortion products q 1 rated. Second order products can be

av01ded by making the tréf'

e Joax < 244,

{ssion bandwidth less than an octave

MODULATION ALTERNATIVES:

[
fon
T

Modulation is the pfocess of transforming the baseband
video signdl suitably, to-match the transmission characteristics
of the Fiber optic link. Hodulatlon schemes should explolt “the
characterstics of fiber optlc links and should exhibit aood
immunity to fiber impalrmehts-i Some modulatlon schemes are

discussed here
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Direct Intensity Modulation (DIM)

In this schems, the ﬂptlcal source (LD or LED) is biased
to  the mid point of its linear reagion. Baseband video signal is

superimpozed on  the bias. jthical output of the laser can be

written as:

Py L1t ff\tbji]

Ptis the instantanecus light output, PA the average light output
and M(t) is the video-signal. Only a single video channel can be

transmitted. Therefore, DIM is restricted to video 1links using
LED sources and low cost fiber.

Subcarrier Amplitude Modulation (AM - SCM)

This 1s a FDM technique wherein, each video channel :
Amplitude Modulates (AH) a separate RF subcarrier. This scheme is
also referred to as AM-AM or AM-IM.

ol -

VHF/UHF Television Qﬁd CATY utilise AM-YSB (Yestigal Side
Band) for video transmissio&ﬂg Conversion costs will be minimal if-
AM-Y¥SB can bhe utilised on the fiber optic 1link. . AM-VSB is

L E .
bandwidth efficient and reqq%ne mardinally larger bandwidth than
the base band video signal.l’ ! 1
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AM-stM  Sylom
v, ﬂ., ..._Amplitude:modulate sources f, , fzi;k... respectively.

The outputs are combined;iﬁ-a power combiner and the resultant
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output intensity modulates the source. Existing CATY néénonké'épn
directly provide the combined signal at A . nM—éSB- is. the
“simplest and most - convenient scheme for video transmission.
However, it is extremely difficult to méef the',perf?rmance
requirements (SNR > 5& db, CSO, CTB < 65 db) using AHfSCé;

fAs seen earlier, RIN sets an upper 1imit5 for .link
performance using:LbDs. For a 40 channel AM SCH system Wlth OHI- 4%
RIN should be ¢ - 150 dB/Hz. for an SNR of 56 dB Thls nece351ates
use of state of the art DFB lasers with optlcal 1solators low
loss .- connectors and éplices. For small OHI llnk is shot n01se
limited. When OMI ig'large output 1s cllpped as the laser is T
driven below the threshold. €S0, CTB are’ proportlonal to m* & .
respectively. OMI is 1limited by nonlinerity of laser  diode. i._ 
Therefore, for aM-SCH systems low RIN, high ~power lasers.;are i
._ reguired. - - ‘

v

‘ . AM-SCM is very inefficient in terms of -opticai, oner _
utilisation. fissuming shot noise limitéd. performanée, 'bptical.fﬂ
power of - 17 dBm/per channel is requireg at the receiver for an .
SNR of 55 dB. For identical performance,'analog FM requiyés only
- 52 ¢dBfchannel. (FH oécupies more bandwidth). | )

o ' S o s .

: * > . - W v ey .:', i
Fiber Optic links are power limited therefqrb, at ﬂ?esent‘g
AM  transmission is not attractive for multichann%ﬁf ‘video @ 4
. | i by L
transmission .. o 4 L
. Experimental Hultlchannel aH v1deo tr‘ansmlssmn ;schemes

use high power lasers with external 11nearlsed modulators
Cptical ampllflers can’ also be used to dellver the requ1red
optical powers. - At present it is more econom1ca1 to convert ﬁH“'

VSB to FM than to use high performance lasen% and optlcal devices.

>

; | , . ) . i
Subcarrier Frequency Modulation (FM-SCH)} — - l”
: 1 : .

FM is widely used for Satellite Yideo Distribqtion and
CATY microwave trunks. FM is a nonlinear modulation process.

Ideally  the modulated signal occuples anflnlte bandw1dth . .
LR -3 ; 1 . I‘ ' N
However, most of thé power'ps coﬁtalned W1th%n a reasonably small : .

i e
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"bandwidth. With FM it is possible to trade-off bandwidth for
improved SNR. This is particularly suited to fiber optic links as
they are power limited, with large transmission bandwidths. By
tsing extra bandwidth, we can obtain SNRs better than CNR of the
fiber optic link.

SHR = CNR + F + K

da
Fhsls the FM advantaqe

Ky is the emphasis gain (dax b pPix- meﬁLaJks JL.EﬂMfan4&J h)

FdB

il

© Lﬁd L 3% J(qy)l '(b/zjfw)]
-:D{p - P«a:;!: F-m\ékxné)‘u?/u«zmb] 5 VUV -
a8 - (R SV thg 7~Awﬁx
b - g:ta«) 3 : ¢

Bandwidth occupisd on fiber 0

Typically, Cc\b 4 km ~ 19-S JB .

CNR required for an SNR of 56 dB is only 16.5 dBT The penalty
paid is the increased bandwidth of <= 30 Hhz.

For a CHR of 16.5 dB, RIN should be better +than -~ 115
dB/Hz. This 1is easily achisved with commercial FP lasers. FM
produces a constant envelope signal. tLimiters can be used to

reduce amplitude noise. FM receivers have greater immunity to

noise. In nultichannel systems, nonlinear distortion effects
behave like random noise. Since OMI per channel is small{ 3 - 4%)
laser noise 1is dominant, over the noise due to IMD. System

linearity is much less critical with FM. Compared to AH, an FHM
systam can simultaneously deliver more video channels, better

signal quality and larger power budgets.

=1 M Mo
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Each video channel, individually freqdénéy modﬁlates an RF
subcarrier. These subcarrier signals are combined in a microwave
power combiner and added to the laser bias, resulting in Intensity
HModulation. At the reciever, the received signal is split and fed
to individual FM receivers. Standard microwave itechniques are
used and host of the eguipment is inéxpensive as it 1is wused
extensively in satellite systems. RF freguencies are selected to
match the satellite channel asignments. C-band (3.7 ~ 4.2 Ghz)
being commonly used . Second order IMD products are avoided as
the +transmission bandwidth is less than an octave. Considering

major noise terms, the CNR per unit bandwidth can be written as

! 2(f ~1) KT 2. RN Ny 2~RM
+ =TT

- ————

- L
CR ™Iy Ry m> Ra G(Tp-™)

Where F - Noise Figure of the LNA following the photo detector.

‘!

Rp - Input resistance of the LNa " " e

MM - oMl porn Unamnsl

Iy - dadiisd PR Crenand (ded |
Rin = RABalluns Imhaug'hmyb'(umbmb% QﬁMuLQaLffig)
P = EMD moae Contad by Asilen o Lenmsact .

Optimum OMI is a trade-off betwesen laser RIN contribution
and IMD noise contribution. When OMI is small, laser RIN
dominates. When OMI is large, IMD products dominate. It has been
shown that over modulation [ﬁrm-t > | ) does not degrade the
performance much. This is because the video channels are not

correlated and their peaks do not occur simultaneously. This

permits biasing the laser beyond the mid point of. the 1linear
region. MNeglecting laser RIN and IMD products, CNR is given
approximately as: '

(f‘rn IAL)LR P Qg,f:,.gpfn_jj--

cni = 2F RTA- 6 —8W.

v R o e e

Some reported results using FH*SCﬂ are listed below:

CHAVNELS OM | (Pecg ) ol'mlfﬂm_o,) SR (weeped)
2.0 %6 20.F Y 56 d6
90 315 7. 1302 Y 5¢ 4y
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Subcarrier Phase Mcdulation (PM-SCH)

Phase modulation of the subcarrier also allows bandwidth
SNR  trade-off. PH advantage is about 4.77 dB less than the FM

'advantage. Therafora, PH is rarely used.
Pulse Modulation:
Pulse modulation schemes for Analog transmission can  only

be used for small bandwidths (< 100 Mhz). Beyond 100 Mhz. it 1is

difficult to make conversion equipment. From the standpoint of

SNR  performance, square wave M (SWFH) and Pulse Freguency -

Modulation (PFM) are best.

SWFM 1s a variaticn of FM where the carrier is a squaré
wave. SWFH offers the best receiver sensitivity when the fiber &
dB bandwidth is less than 100 Mhz. SWFM also has the advantage of
simpler, but non standard hardware. SWFM is attractive with LED
transmitters. LED syétems are cost effective, free- from modal

noise and fairly linear. With LED, optical power that can be

coupled  into a fiber is  limited. SWFM with good receiver

sensitivity suits LED systems. SWFM offers other advantages like:

(1) large dynamic range (30 dB without AGC)
(2) Small SNR fluctuations due to changes in fiber.

Digital Yideo Transmission:

It is not economical to digitise video signals for local
and subscriber applications. Digital video transmission is
employed for long distance transmission with regenefatofs. With
analog transmission, SNR degﬁades with each regenerator,
Presently, 45 Mb/s is adequaie for good quality video
transmission. Some very efficientidigital modulation schemes have
been reported and bandwidth utilisation will not be a problem.
One scheme using SCM has reported ah RF bandwidth efficiency of 1

bit/s per Hz, with a receiver sensifivity of -19.5 dBm over 48kms.
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" Digital transmission will dominate once inexpensive Qideo
CODECs bhecome available. Standardisation of image compression
algorithms will give a big boost to digital transmission. Local
and subscriber applications are likely to make use of microwave
subcarriers with digital _modulation formats like MSK and' F3K
rather than using TDM. SCM allows mixed analog (FM) and ‘Digital
(FSK/HMSK) transmission. Even now, CATY network uwtilise some

digital channels for network management.

CHOIGE OF COMPONENTS

LEDs = are suitable when a small number of videco channels
have to be transmitted over short distances. LEDs are reliable,
linear and free from modal noise. Power budgets with LED systenms

are small due to the difficulty in coupling power to the fiber.

Laser dicdes are used when LED systems cannot provide the
necessary power budget or medulation bandwidth. Except for very
short distance 1links, single mode fiber is used for all analog
video modulation systems. FP lasers are commonly used with FM-SCHM
systaens. DFB  lasers are used when improved RIN performance is
necessary. External cavity and high power CW lasers with external

moclulators are used for AM~VSB systenms.

Analog systems should use lasers with small threshold
currents and linear light output vs. current charactefistics.
Relaxation oscillation frequency should be higher than the largest
modulating frequency. Optical feedback by reflection has to be
minimised. Optical isolators are used for this purpose. Angled
butt connectors, whose end faces are obliquely polished at an
angle to the fiber axis, should be used to minimise RIN
degradation due to reflected light. Most manufacturers- of high
performance analog systems recommehd their use. Index matching gel
will also reduce optical feedback. Index matghing gel‘ .is
particularly helpful with InGansadevices. M. of InGahs = 4.5.

P-~i~n diode receivars are_the simplest to design and use.
APDs outperform P-i-n detectors, when the thermal noise
contribution of = the amplifier following the detector is

significant or when the noise levels are high. In  such




situations, APDs offer better receiver sensitivities, without
significant excess noise contribution. APD receivers are
complicated and need high voltage bias and bias stabilisation
circuits. At B850 nm Si APDs perform well and reguire a bias

voltage of ¥300 V. Longer wavelength Ge and InGaP APDs have large
dark currents and excess noise. '

CONGLUSION

Transmission of modulated RF subcarriers over optical fiber is
an  attractive approach for transport and distribution of
multichannel video information. Subcarrier multiplexed techniques
employ mature and low cost electronics technology. FM - SCM  is
particularly suvited for multichannel video transmission in  analcg
format. _

3CM  technology can aléo be used as a building block in
many emerging lightwave systems such as, those employing dense
wavelength division muiltiplexing and c¢oharent detaction
techriques. Digital video transmission is likely to dom/nate in
the futvre. SCM technigues allow co-existence of digital and
analog modulation schemes, permitting a gradual transition to all

digital networks.
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